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ABSTRACT 
Disposal of f lyash from thermal power p lan ts has been 
a ma jo r problem. Thermal power s ta t ions us ing pu lve r i zed 
coal as a fuel generate about 95 mil l ion tonnes of f lyash per 
year . The disposal of this by-product is pos ing a grea t 
p rob l em to the thermal power s tat ions and is haza rdous for 
the envi ronment of the area. In order to reduce the ill-
e f f ec t s , inves t iga t ions for to the u t i l iza t ion of this was te 
p roduc t has become essential . In most of the advanced 
count r ies , f lyash and blast furnace slag are used to r ep lace 
cement in var ious proport ions in concre te . The use of 
f l ya sh has also been tried as s t ructural mater ia l for 
example , for making bricks, mixing in cement concre te etc. , 
but sti l l the problem of its mass scale u t i l i za t ion is of great 
concern to the Engineers . 
The aim of the present study is to u t i l ize the f lyash on 
a mass scale by making a low permeable mass by mix ing 
cer ta in admixtures to it in various p ropor t ions . In i t ia l ly the 
f lyash was collected from a NTPC plant s i tuated at Dadr i , 
U.P . and an effor t was made to correlate the permeabi l i t i es 
of f lyash to its various physical p roper t ies such as the size 
of mater ia l , the porosi ty, gradat ion etc. An at tempt was 
made to correlate the average size of a un i fo rm-s ized 
mater ia l , as well as mixtures of d i f ferent sizes in known 
propor t ions , with their respect ive permeabi l i t ies at a known 
cons tant poros i ty . Mix ture of d i f ferent sizes, hav ing the 
lowest permeabi l i ty is mixed with known pe rcen tage of 
cement and tested at a known constant porosi ty to get a low 
permeable mass. It was observed that a mixture of 40% 
f lyash of 125 micron and 60% flyash of 45 micron mixed 
wi th 11% to 15% of cement is found to have very low 
permeabi l i ty , i .e. in the range of clay. 
To avoid s ieving of the f lyash, natural sample of 
Dadr i f lyash was taken to get a low permeable mass. The 
na tura l sample of Dadr i f lyash mixed wi th known 
percen tage of cement was tested for respec t ive 
permeabl i t i es at a known constant poros i ty and 
tempera ture . It was found that f lyash mixed with 15% 
cement gives a low permeable mass with permeabi l i ty in 
the init ial range of clay. Similar exercise was also carr ied 
out in case of f ine sand and coarse sand and it was observed 
that at 5% cement the permeabi l i ty reduces by 89%) in case 
of coarse sand and by 86%) in case of f ine sand. But these 
are still h igher than that for the f lyash at the same cement 
contents . Beyond 5% of cement, there is not much 
improvement in the imperviousness of both the sands, but 
in case of f lyash the imperviousness cont inuously increases 
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with cement percentage . This proper ty of f lyash encourages 
to use it as impervious mass on a mass scale. 
To genera l ize the use of f lyash, Flyash f rom other 
sources was also col lected namely Badarpur and 
Harduagan j thermal power s ta t ions. An ef for t was made to 
corre la te the permeabi l i t ies of f lyash f rom di f fe rent sources 
to their respect ive average sizes at constant poros i ty and 
tempera ture . Porosi ty has been kept constant at 40% for the 
purpose of comparison, s ince 40% porosi ty is achievable in 
mos t of the granular soils. Var ia t ion of permeabi l i ty with 
poros i ty has also been studied and it has been found that 
the permeabi l i ty increases wi th increase in porosi ty in all 
the three cases with parabol ic var ia t ion having convexi ty 
down-word . In order to reduce the permeabi l i ty of f lyash so 
as to make it useful in control l ing the seepage through non 
r igid hydraul ic s tructures, natural samples of f lyash f rom 
d i f fe ren t sources were mixed with known percentage of 
ord inary Port land cement and in each case permeabi l i ty is 
de termined in the laboratory. It is found that at 15% cement 
content the permeabi l i ty of f lyash cement mixture , in each 
of the cases studied, at tains a value in the range of 
permeabi l i ty of clay. Compress ive strength character is t ics 
of f lyash-cement mixtures were also studied from the 
s tabi l i ty point of view, so that the above mass may find its 
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use as a seepage resis t ing mater ia l in case of dams/ 
hydrau l ic structures, as shell or core mater ia l depend ing 
upon the s i tuat ions and requi rements . 
As an economy aspect an e f fo r t was made to use lime 
in p lace of cement and it was found that by adding 35% of 
l ime to the f lyash one can get prac t ica l ly the same va lue of 
permeabi l i ty as in case of f lyash mixed with 15% cement . 
On the other hand the compress ive s t rength of cubes of 
f lyash mixed with 5% of cement is about doub le the 
s t rength of cubes of f lyash mixed with 40% lime. So it can 
be suggested that a mixture of 35% lime and 65% f lyash 
can only be used as a rep lacement of 15% cement and 85% 
f lyash in condi t ions when the l ime f lyash mixture is used as 
seepage resis t ing barrier under conf ined cond i t ions and 
s t rength is not the cri teria. 
In s i tuat ions where sand is avai lable in abundance , an 
e f fo r t can be made to uti l ize sand mixed with f lyash as a 
f i l l ing material . With this aim an at tempt has been made to 
s tudy the seepage and compress ive s t rength charac te r i s t ics 
of f lyash-sand mixtures. The poros i ty is kept cons tant i.e. 
40%. The study reveals that in case of f ine sand min imum 
permeabi l i ty is observed at 80% f lyash, whereas in case of 
coarse sand it occurs at 60% f lyash for a constant poros i ty 
of 40%. 
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The said mixtures were mixed with small percentages 
of cement (4-10%) and tes ted for permeabi l i ty . It is 
observed that at 10% cement , the mixture of 60% f lyash 
and 40% coarse sand gives the value of permeabi l i ty in the 
init ial range of clay, however , 15% cement is required in 
case of 80% f lyash and 20% f ine sand to get pract ical ly the 
same value of permeabi l i ty . The compress ive s trength 
s tudies have also been conducted. The s tudy reveals that at 
10% cement the mixture of 60% f lyash and 40% coarse 
sand gives the value of compress ive s t rength which can 
also be achieved by adding 15% cement to the mixture of 
80% f lyash and 20% fine sand. 
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NOTATIONS 
N number of particle 
y- = micron 
1^ 27 dynamic viscosity of water at 27°C 
l^ t dynamic viscosity of water at test temperature 
Nd number of particle with diameter 'd ' 
a = area of stand pipe cm^ 
A cross sectional area of sample cm^ 
Cc coeff ic ient of curvature 
Cu uniformity coeff ic ient 
D diameter of the permeameter 
di d2 ds diameters of individual particles 
dio particle size corresponding to 10% finer 
d30 particle size corresponding to 30% fine 
dso average size, median d iameter 
deo particle size corresponding to 60% finer 
d.A arithmetic mean diameter 
dc geometrical mean diameter 
dH harmonic mean diameter 
dL length diameter 
ds = surface mean diameter 
dv = volume mean diameter 
dw = weight mean diameter 
f = porosi ty 
FAM = Fly Ash Mission 
Fr = friction factor 
G = specific gravity 
hi = initial head cm. 
h2 = final head cm 
K = permeabi l i ty cm/s 
K27 = permeability at 27°C in cm/s 
L = Length of the sample 
MT = Million Tonne 
MW = Mega Watt 
p = function of porosity 
R.C.C. = roller Compacted Concrete 
t = time in seconds 
t° = temperature in centigrade 
Wi = weight of clean dry coal density bottle with its 
stopper 
W2 = weight of density bottle + soil 
W3 = weight of density bottle + soil + water 
W4 ^ weight of density bottle + water 
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CHAPTER - 1 
INTRODUCTION 
1.1. GENERAL 
Flyash a by-product resul t ing f rom the combus t ion of 
pulver ized coal is avai lable in large quant i t i es all over 
the world as a waste product f rom thermal power 
s ta t ions and other industrial p lants . With the boom in 
popula t ion and industrial growth, the need for power 
has increased manifold . With r e fe rence to India, 
near ly 73% of Ind ia ' s total instal led power genera t ion 
capaci ty is thermal. Increasing demand for e lect r ical 
energy and ample coal reserves in India have fur ther 
g iven rise to the instal lat ion of a number of thermal 
power station. There are about E igh ty - two thermal 
power satiat ions in the country, which p roduce about 
95 MT (Mill ion Tonne) of f lyash per year , and it is 
expected that by 2012 this f igure will r ise to about 
170 MT (32). The disposal of this f lyash is a big 
problem to the Engineers . Some plants d ischarge the 
f lyash in to ash ponds in the wet state, where-as 
o thers just leave it as a heap of ash, which in turn, 
with the blowing of air, spreads in the ad jo in ing 
f ie lds , thus making the environment toxic as well as 
unhygienic . In order to reduce these bad ef fec ts , 
invest igat ions for the uti l ization of this waste product 
become essential . Real izing the gravi ty of the problem 
the Govt, of India after a well researched techno-
market Survey, has taken this issue as a miss ion and 
created a fly ash mission in 1994. A jo in t act ivi ty of 
Depar tment of Science and Technology (DST), 
Minis t ry of Power (MOP) and Minis t ry of 
Envi ronment and Forest, it is being implemented by 
Technology Information, Forecas t ing and Assessment 
Counci l (TIFAC) with close coopera t ion of Thermal 
power plants, academia, R & D agencies , Industry , 
Govt . Departments and Minis t r ies . The impact of Fly 
ash mission (FAM) can be real ized f rom the 
cons iderable change in the scenario , through 
concer ted effor ts of FAM, associated agencies , and 
several experts, the ut i l izat ion and safe disposal 
prac t ices have gained momentum. The Fly ash 
u t i l iza t ion has increased f rom 3% in 1994 (of about 45 
M T produced) to nearly 15% (of about 95 MT 
produced) in 2000. The aim of the FAM is the 
u t i l iza t ion of this waste product , because its disposal 
is a progressive problem, as about one acre of land is 
requi red for the disposal of f lyash for one MW of 
power generat ion for twenty five years i .e. the l i fe-
t ime of the plant. 
Other countr ies have also shown keen in teres t in the 
u t i l iza t ion of f lyash. Flyash has been used as Rol ler 
Compacted Concrete (R.C.C) in the cons t ruc t ion of 
dam world over. R.C.C. has emerged as an a t t ract ive 
mater ia] for the construct ion of dams main ly in place 
of commercial concrete in early 1980s. Rol ler 
Compacted Concrete is defined as ze ro s lump (dry) 
concrete , which is compacted by v ib ra to ry rol lers . 
RCC is very popular world over. More than 90 dams 
have been constructed using RCC .A list of such dams 
publ i shed by DUNSTAN, M.R.H. , in wa te r power and 
Dam construct ion. Hand book 1989 & May 1990 is 
g ive below: 
s. 
N o . 
P r o j e c t C o u n t r y 
Per iod 
of 
C o n s t r u 
D i m e n s i o n s ( m ) 
V o l u m e 
( ' 0 0 0 m ' ) 
c t ion H e i g h t L e n g t h R C C 
1 W i l l o w C r e e k U . S . A . 1 9 8 1 - 8 3 52 5 4 3 331 
2 M i d d l e Fork U . S . A . 1984 38 125 42 
3 W i n c h e s t e r U . S . A . 1984 21 3 3 5 24 
4 G a l e s v i l i a U . S . A . 1984-85 51 291 161 
5 G r i n d s t o n e 
C a n y o n 
U . S . A . 1 9 8 5 - 8 6 42 3 9 6 88 
6 M o n K s v i l l e U . S . A . 1985-86 48 671 2 1 9 
7 L o w e r C h a s e 
c r e e k 
U . S . A . 1987 20 122 14 
8 U p p e r S t i l l w a t e r U . S . A . 1 9 8 3 - 8 7 90 8 2 5 1125 
9 E lk C r e e k U . S . A . 1 9 8 3 - 8 7 81 3 6 5 2 6 6 
10 S t a g e c o a c h U . S . A . 1 9 8 7 - 8 8 46 115 34 
11 S t a c y S p i l l w a y U . S . A . 1 9 8 7 - 9 0 31 173 88 
12 M a r m o t U . S . A . 1989 15 59 8 
13 O x h i d e M i n e U . S . A . 1990 20 - 7 
14 Q u a i l C r e e k S o u t h U . S . A . 1990 42 6 1 0 130 
15 F r e e m a n 
D i v e r s i o n 
U . S . A . 1990 17 3 6 6 99 
16 C u c h i l l o N e g r o U . S . A . 1989-91 44 194 79 
17 S h i m a j i g a w a Japan 1979-81 89 2 4 0 165 
18 T a m a g a w a Japan 1 9 8 0 - 9 0 100 441 772 
19 M a n o Japan 1 9 8 5 - 8 7 69 2 3 9 103 
20 A s a h i Q g a w a Japan 1 9 8 4 - 8 9 84 2 6 0 2 6 8 
21 S h i r o m i z u g a w a Japan 1 9 8 4 - 8 6 55 3 6 7 2 4 0 
22 P i r i k a J apan 1 9 7 9 - 8 8 40 9 1 0 162 
23 D o d a i r a J apan 1986-92 74 3 9 0 2 5 9 
24 A s a r i J a p a n 1 9 8 6 - 9 0 74 3 9 0 2 5 9 
25 K a m u r o Japan 1 9 8 6 - 9 0 61 2 5 7 2 5 5 
26 H a t t a b a r a Japan 1988-93 83 325 2 2 8 
27 R y u m o n Japan 1987-90 100 3 7 8 740 
28 S a k a i g a w a Japan 1985-88 1 15 2 9 8 621 
29 M i y a t o k o Japan 1989-90 48 2 5 6 172 
30 T s u g a w a Japan 1989-91 76 2 2 8 232 
3 1 M i y a g a w a Japan 1992 155 - 2 2 0 0 
32 N u n o m e J a p a n 1 9 8 6 - 8 8 72 3 2 2 110 
33 K e n g k o u C h i n a 1 9 8 4 - 8 6 57 123 43 
34 L o n g m e n t a n C h i n a 1 9 8 5 - 8 8 58 157 73 
35 T o n g j l e z i C h i n a 1 9 8 3 - 8 9 88 71 4 4 6 
36 T i a n s h e n q i a o C h i n a 1 9 8 2 - 9 0 61 4 7 0 131 
37 M a h u l C h i n a 1 9 8 7 - 9 0 23 141 150 
38 Pal j i akou C h i n a 1 9 8 7 - 9 0 25 2 7 7 21 
39 S h a n g b a n C h i n a 1 9 8 8 - 9 0 54 122 38 
40 R o n g d i C h i n a 1 9 8 8 - 9 0 53 136 60 
41 Y a n t a n C h i n a 1990 106 5 2 5 4 0 6 
42 D a g u a n g b a C h i n a 1 9 8 9 - 9 2 55 8 2 0 5 1 8 
43 P o u d i n g C h i n a 1 9 8 9 - 9 2 75 171 107 
44 G u a n g i n g e C h i n a 1 9 8 9 - 9 4 82 1 0 4 0 1240 
45 C a s t i b l a c o de 
los A r r o y o s 
Spa in 1 9 8 4 - 8 5 25 123 14 
4 6 L o s C a n c h a les Spa in 1 9 8 8 - 8 9 18 2 0 0 25 
47 S a n t a E u g e n i a Spa in 1 9 8 7 - 8 8 83 3 1 0 2 2 5 
4 8 L o s C a n c h a les Spa in 1 9 8 8 - 8 9 18 2 0 0 25 
4 9 M a r o n a Spa in 1 9 8 9 - 9 1 53 180 80 
50 La P u e b l a d e 
C a z a l l a 
Spa in 1 9 8 8 - 9 1 70 2 2 0 1 14 
51 C o p p e r f i e d 
R i v e r 
A u s t r a l i a 1 9 8 3 - 8 4 40 3 4 0 140 
52 G r a i g b o u r n e A u s t r a l i a 1 9 8 6 - 2 5 2 4 7 2 2 
53 W r i g h t ' s Bas in A u s t r a l i a 1989 18 86 9 
54 V i c t o r i a A u s t r a l i a 1989 -91 50 2 8 0 110 
55 B u c c a Wei r A u s t r a l i a 1 9 8 6 - 8 7 12 128 24 
56 D e M i s t Kraa l S. A f r i c a 1 9 8 4 - 8 7 30 3 0 0 35 
57 Z a a i h o e k S. A f r i c a 1 9 8 5 - 8 8 47 5 2 7 97 
58 A r a b i c S. A f r i c a 1 9 8 5 - 8 7 36 4 5 5 101 
59 K n e l l p o o r t S. A f r i c a 1 9 8 8 - 8 9 50 2 0 0 45 
60 W o l w e d a a s S. A f r i c a 1 9 8 7 - 9 0 70 2 6 8 180 
61 W r i g g l e s s -
W a d e 
S. A f r i c a 
1988-90 
34 737 134 165 
62 G l e n - M e l v i l l e S. A f r i c a 1988-90 32 3 8 0 66 
63 R w e d a t M o r o c c o 1987-88 24 125 25 
6 4 D ' A o u l u z M o r o c c o 1 9 8 8 - 9 0 79 4 8 0 6 0 8 
65 J o u m o u a M o r o c c o 1989-91 57 2 9 7 170 
66 A i n al 
K o r e i m a 
M o r o c c o 1987-88 26 124 27 
67 L e s - C l i v e l l e s F r a n c e 1986-88 36 2 5 5 80 
68 La B o r i e F r a n c e 1990-92 51 2 3 2 140 
69 P e t i t S a u t F r a n c e 1989-94 36 7 4 0 2 3 0 
70 T a s h k u m a r U . S . S . R . 1982-88 75 3 2 0 85 
71 S a c o d e - N o v a 
O l i n d a 
Braz i l 1985-87 56 2 3 0 132 
72 A c a u a Braz i l - 79 - 6 2 3 
73 B a r r a G o a n d e Braz i l 1995 185 - 3 8 0 0 
74 T r i g o m i M e x i c o 1991 100 - 2 3 6 
75 L a m a n z a n i l l a M e x i c o 1 9 8 6 - 8 8 36 150 -
76 U r u g u a - I A r g e n t i n a 1 9 8 5 - 8 9 76 6 8 7 5 9 0 
77 C u c s t a B l a n c a A r g e n t i n a 1989 68 7 2 0 3 2 0 
78 C o n c e p c i o n H o n d u r a s 1 9 8 8 - 9 0 68 7 2 0 3 2 0 
79 G a p a n d a A n g o l a - 110 1 2 0 0 820 
80 P l a t a n o v r y s s i G r e e c e 1 9 8 8 - 9 4 95 3 0 5 4 2 0 
81 H o i b e a m -
W o o d 
U . K . 1981-82 12 80 4 
82 J a m r a n i Ind ia 1995 150 166 1900 
In India R.C.C. is in infant s tage under Flyash 
mission. Two technology demonst ra t ion projec ts are 
in progress . In these projects two saddle dams and an 
upper dam of Ghatghar Pumped Storage Scheme near 
Nasik have to be constructed using R .C .C . 
1.2. SCOPE FOR UTILISATION: 
In most advance countries, materials l ike f lyash and 
blast furnace slag are used to rep lace cement in 
var ious propor t ions in concrete in con junc t i on with 
var ious admixtures . The use of Fly ash has also been 
tr ied as structural material , for example for making 
br icks and tiles, mixing in cement concre te etc. , but 
still the problem of its mass scale u t i l i za t ion is of 
concern to the engineers. 
So far , work has been done to study the charac ter i s t ics 
of f ly ash for its ut i l izat ion in the manufac tu r ing of 
cement , bricks, t i les and in cement concre te s t ructures 
and as a construct ion material in some other form. To 
the knowledge of the author not much work appears in 
l i terature where seepage character is t ics of this 
mater ial have been studied. The presen t s tudy is an 
at tempt to uti l ize the f lyash on a mass scale as a f low 
resis t ing material . With this aim in mind the present 
s tudy has been undertaken. 
1.3 OBJECTS OF THE PRESENT INRESTIGATION: 
The present invest igat ion on the s tudy of seepage 
character is t ics of fly ash for its mass scale ut i l iza t ion 
has been carried out to achieve the fo l lowing 
object ives . 
i) To study the e f fec t of size of a un i fo rm sized 
materials bes ides f lyash on the permeabi l i ty at 
constant poros i ty and temp. 
ii) To study the e f fec t of size of un i fo rm-s ized 
f lyash on their permeabi l i ty for f ly ash col lec ted 
from some of the thermal power p lan ts of India , 
at constant poros i ty and tempera ture . 
iii) To study the e f fec t of poros i ty on the 
permeabi l i ty of f ly ash. 
iv) To study the e f fec t of cement mixed in var ious 
percentages on the permeabi l i ty of f ly ash 
collected from var ious thermal pov/er plants . 
v) To study the var ia t ion of compress ive s t rength 
of fly ash col lected from var ious thermal power 
plants with the percentage of cement . 
vi) To compare the seepage charac ter i s t ics of f ly 
ash collected f rom Dadri thermal power s ta t ion 
situated in U.P. with those of f ine sand and 
coarse sand. 
CHAPTER - II 
REVIEW OF LITERATURE 
As mentioned in the f irs t chapter , the a u t h o r ' s main 
concern is to study the seepage character is t ics of f ly ash 
col lec ted from various sources for its mass scale 
u t i l i za t ion . To make it more seepage res is tant such studies 
have also been taken-up for f lyash-cement and f lyash- l ime 
mix tu res in di f ferent propor t ions . To ut i l ize f lyash-cement 
and f lyash- l ime mixtures for water re ta in ing s t ructures , 
compress ive strength character is t ics of such mixtures have 
also been studied. The review is therefore conf ined to cover 
these aspects only. 
In 1993, an ef for t was made by P. K. Parua (24), a 
f e l l ow of Inst i tut ion of Engineers to use fly ash mixed with 
some admixtures in river bank protect ion works . He tried to 
use the fly ash fi l led gunny bags to protect the r iver banks. 
The exper iment was not found successful as the protect ion 
was found damaged in post f lood condi t ions . 
In 1994, an exhaust ive study of f ly ash as a 
cons t ruc t ion material was made by U. Dayal (8) of I .I .T. 
Kanpur . He studied various Engineer ing proper t ies of f ly 
ash and tried to explore various condi t ions where fly ash 
can f ind its use as a construct ion mater ial . He suggested the 

use of f ly ash in cement, cement concrete and in making of 
br icks . 
In 1994, V. Gajendra Reddy, et.al (31) conducted a 
case study and tried to use Nel lore fly ash in lean concre te . 
His recommendat ions are: 
i) The fly ash, obta ined f rom Nel lore thermal 
power stat ion can be used in lean concrete . 
ii) The addit ion of f ly ash to lean concrete 
usual ly makes the mix more cohesive and 
workable . 
iii) For 1:4:8 concrete mix with 35% cement 
replacement by fly ash the maximum strength 
is obtained when the quant i ty of f ly ash added 
is twice that of cement replaced in the mix. 
In 1999 Nabil Bonzonbaa , Min-Mang Zong, V. M. 
Malho t ra , and Dean M. Golden (21) carr ied out an 
exhaus t ive study of blended fly ash cements . They studied 
the e f fec t of gr inding on various physical proper t ies of f ly 
ashes such as Specif ic gravity, f ineness , water requirement 
and pozzolonic react ivi ty. They concluded that the gr inding 
of f ly ashes general ly increases their spec i f ic gravity and 
f ineness , and as a result reduces their water requirement 
and increases their pozzolonic act ivi ty . 
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They also studied the effect of ground fly ashes on various 
properties such as hydration reaction; setting time, bleeding and 
temperatures rise of mortars and concretes. Nabil Bonzonbaa 
et.al.(21)concluded that the use of ground fly ash reduces both 
the initial and final setting times of high volume fly ash 
concrete. However they did not notice any difference in the 
bleeding characteristics of concrete with ground and ungrounded 
fly ash. Regarding the temperature-rise of mortars and concrete, 
their findings were suggestive of increase in temperature up to 
3.2°C with the use of ground fly ashes as compared to 
ungrounded fly ash. 
A Nat ional Conference on "Fly ash Disposal and 
Depos i t i on beyond 2000 AD" was held at I . I .T. Kanpur , in 
Feb . 1999, var ious research workers con t r ibu ted the papers 
re la ted to the above-ment ioned area. They tr ied to cover 
up- to -da te informat ion on design, main tenance and 
mon i to r ing of ash disposal fac i l i ty inc luding site 
inves t iga t ion , remediat ion and s t rengthening , design of ash 
embankments . Environmental aspects of ash-pond have also 
been discussed including air, sur face-water and under-
g round water pollut ion due to current ash disposal pract ices 
and suggest ions for their minimiza t ion were proposed. 
Rec lamat ion of abandoned ash-ponds as well as low lying 
areas through ground improvement techniques and 
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s t ruc tura l f i l l ing ut i l izing ash were the other impor tan t 
top ics covered in the said conference. 
The above avai lable survey clearly shows that so far 
s t ruc tura l aspect of using fly ash f rom var ious thermal 
power s tat ions have been dealt by various research workers . 
However , the study of seepage through fly ash is still an 
un touched aspect . The Govt, of India also fel t this need, 
and a Nat ional seminar on ut i l izat ion of f ly ash in water 
r e sou rces sector was organized by Central Soil and Mater ia l 
Resea rch Stat ion, Ministry of Water Resources , Centra l 
Wate r Commiss ion and Fly ash Mission, TIFAC, D S T in 
Apri l 2001 at CSMRS, New Delhi . The p roceed ings of the 
above Nat iona l seminar cover various aspects re la ted to f ly 
ash such as mix design & quality control , Rol lor compacted 
Concre te , Durabi l i ty and case studies and some new 
emerg ing areas for fly ash uti l izat ion, such as use of f ly ash 
for ear then embankment . Though the aim of the seminar 
was the ut i l izat ion of fly ash in water resources sector but 
vary few papers related to fly ash u t i l iza t ion in water 
r e sources sector were found. No effor t has been made to 
study the seepage characterist ic of fly ash so as to use it in 
ear then embankments where the material is needed on a 
mass scale . 
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The present study is an at tempt to de te rmine tiic 
seepage resis t ivi ty of fly ash and to make it less pe rmeab le 
by mixing some cement in it so that it can f ind its use on ;i 
mass scale. When used in embankments the s t rength aspec ts 
become important which has also been covered by s tudying 
the compress ive strength of such fly ash-cement mixtures . 
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CHAPTER - III 
FACTORS AFFECTING SEEPAGE 
THROUGH FLYASH 
For a proper unders tanding of the problem of 
perco la t ion , it is essential not only that a thorough study of 
the var ious laws governing the phenomenon in the d i f fe ren t 
reg imes of f low be made, but also that the var ious var iables 
involved be known. Infact , the var iables , which will need 
cons idera t ion in a par t icular case, will depend upon the 
conduc t ing medium involved, the nature of the f low as well 
as that of the f luid. Broadly speaking all the var iables 
involved in any seepage problem can be grouped into three 
ca tegor ies . 
1) Variable per ta in ing to the f luid 
2) Var iables per ta ining to the f low 
3) Variable per ta ining to the conduc t ing medium. 
3.1 VARIABLES PERTAINING TO FLUID 
The main var iables which come in this category, are 
the density and viscosi ty of the fluid at the 
temperatures and pressures involved. In some cases 
non-newtonian behaviour may obtain. In more 
complicated systems, more than one fluid may be 
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involved, in which case such proper t ies as surface or 
in terfacia l tension may be important . 
3.2 VARIABLES PERTAINING TO F L O W 
The veloci ty , accelerat ion etc., of the f lu id re la t ive to 
the porous bed and the container wal ls is involved 
here . Mot ion of the solid and fluid phases relat ive to 
the walls serves further to c lass i fy the system. With 
packed or f luidized beds informat ion regard ing the 
pressure or pressure-drop is also essent ia l . 
3.3 VARIABLES PERTAINING TO THE 
CONDUCTING MEDIUM 
The var ious factors that a f fec t the quant i ty of seepage 
of a f luid through any granular mater ia l are : 
1) Mean size of the material 
2) The porosi ty of the material 
3) Gradat ion of the material 
4) Arrangement of part icles with in the granular mass. 
5) Part icle surface roughness 
6) Relat ive size of container with respec t to the size 
of the material . 
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3.3.1 THE MEAN SIZE OF THE MATERIAL 
The par t ic le size and porosi ty appear to be the only 
readi ly measurable parameters amongst the var ious 
s t ructural proper t ies of a granular medium. The usual 
way of assessing the size at an i r regular par t i c le is to 
speak of it in terms of the diameter of a sphere which 
has s imilar physical or hydrodynamic charac te r i s t ics 
as the part icle in quest ion. A deta i led d iscuss ion 
about these def in i t ions is given by Dal lava l le (6) and 
Zeng and Otmer (33). The most common ones are 
d iscussed very br ief ly below: 
i) The ar i thmetic mean diameter - It is 
def ined as the sum of the d iameters of each 
of the part icles divided by the number of 
par t ic les in a given sample, i.e. 
SyVd Ari thmet ic mean diameter dA = ^ ^ 3.1 
ILN 
Where , N= The number of par t ic les with d i a m e t e r ' d ' 
2) The geometr ic mean diameter - It is the N^^ root of 
the product of the diameters of N number of 
par t ic les in a sample, i.e. 
Geometr ic mean diameter dc = ' n 3 . 2 
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Where di, di, da, d^ are d iamete r s of 
individual part ic les . 
3) The harmonic mean diameter - It is the average 
diameter based on the reciprocal of the d iamete rs 
of individual components of a mixture 
iJ/ Harmonic mean diameter d„ — 3.3 
YiN/d) 
4) The median diameter - It is the in te rmedia te size in 
a sample, denoted as dso, i.e. 50% of the mater ia l is 
f iner and 50% coarser than this size. 
5) The length diameter - It is the d iamete r of an 
average sphere having surface area tc d iameter 
rat io equal to the total surface area of the par t ic les 
divided by the sum of the d iameters of all the 
par t ic les in a sample. 
i.e. length diameter di = ^ ^ 3.4 
6) The Projected area diameter - It is the d iameter of 
a circle having area equal to the p ro j ec t ed area of 
the par t ic le when viewed in a d i rec t ion normal to 
the plane of maximum stabil i ty. 
7) The surface mean diameter - It is the d iameter of 
an average spherical part icle whose sur face area 
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t imes the number of par t ic les in a sample equa l s 
the total surface area of the part ic les in the sample . 
Surface mean diameter ds = 3.5 
m 
8) The Volume mean diameter - It is the d iameter of 
an average sphere whose volume t imes the total 
number of part icles in a sample equals the solid 
volume in the sample. 
Volume mean diameter dv = 3.6 
9) The weight -mean diameter - It is the average 
diameter based on a summation of the p roduc t s of 
d iameters , and volume propor t ions of indiv idual 
components of a mixture. 
Weight mean diameter d^ = —) 3.7 
Each of the def ini t ion has its own s ign i f icance 
depend ing upon the character is t ics of the f low. There is no 
genera l agreement about the representa t ive diameter to be 
used in seepage f low problems. 
In the present study the median diameter djo i.e. the 
average of two consecut ive sieve sizes has been found to 
g ive sa t i s fac tory results. 
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3 .3 .2 The Porosity of the Material 
Amongs t all the variables per ta in ing to the bed, 
poros i ty exercises the greatest i n f luence upon the 
res is tance to the f low of a f luid th rough it. A sl ight 
change in the porosi ty results in a cons iderab le 
change in the resis tance of the bed. In fac t , a change in 
the porosi ty of the bed af fec ts the f l ow in two ways 
i .e. a change in the size of the in te rg ranu la r space and 
a change in the mean velocity of f low th rough it. The 
combined effect of these two is to g ive a 
propor t iona te ly greater change in the res i s tance to 
f low. As the porosi ty decreases, the par t ic les come 
closer together and the resis tance of the bed increases . 
Var ious workers relat ing f r ic t ion f ac to r 'Fr ' with 
poros i ty ' f have proposed var ious po ros i ty func t ions . 
Some of them are discussed below: 
Bakhmete f f -Feodorof f (2) led by an e r roneous 
d imensional argument arrive at 
F.a 
V / 4 / 3 . 
for both linear and post- l inear regimes . 
3.8 
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Oman and WOatson (23), by trial and error ar r ive at 
the fo l lowing porosi ty func t ion to f i t their 
exper imenta l data best 
3.9 
, 1 . 7 
Carman (3), Fair and Hatch (11), Kozeny (18), 
Franz in i (13) and Leva et al (19) p roposed a poros i ty 
func t ion 
3.10 
f 
where, n = l for the l inear regime 
n=2 for completely turbulent f low 
Enge lund (10) f rom an analysis of resul ts of va r ious 
research workers proposed 
3.11 
for laminar f low, and 
f ^ ' ^ 3.12 
for turbulent f low. 
On the validity of his funct ion, Enge lund comments 
that on account of the l imited amount of data, these 
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express ion should be checked within a nar row range 
of poros i ty . 
On the basis of his experimental resul ts , Rose (27) 
gave a poros i ty funct ion as 
F . o c f P 3.13 
Where, ' p ' is a funct ion of poros i ty . 
Func t ion ' p ' has been given by Rose in the fo rm of a 
curve, where ' p ' is plotted against poros i ty as the 
other var iable . Engelund (10) also suppor t s th is 
concept and assume that 
P = 3.14 P " " ( 1 - / ) 
where, Aq and Bo are indices in his poros i ty 
func t ion . 
Zunker (34) proposed a porosi ty func t ion 
3.15 Fa 
I / ) 
But the fact is that a part icular poros i ty func t ion 
appears to correlate a set of exper imenta l resul ts well , 
and should not be taken as a proof of its genera l 
correctness . Since each porosi ty func t ion has been 
based on vary limited amount of exper imenta l data . 
There fore the porosi ty funct ion might change even 
21 
for the same material when studied over a wider 
range. In the present study an ef for t has been made to 
corre la te porosi ty with the permeabi l i ty of mater ia l 
i.e. f ly ash based on the experimental data. 
3.3.3 G R A D A T I O N OF THE M A T E R I A L OR 
P A R T I C L E SIZE DISTRIBUTION 
Based on sieve analysis as per IS 460-1962 grada t ion 
curves have been prepared for the mater ia l used in the 
s tudy. As the gradat ion of the material also a f fec t the 
amount the seepage through porous media . C o e f f i c i e n t 
of curva ture and coef f ic ien t of un i fo rmi ty were a lso 
de te rmined for the fly ash used in the s tudy. 
3.3.4 THE ARRANGEMENT OF PARTICLES IN T H E 
BED 
The arrangement of part icles in the bed is another 
s ign i f ican t parameter which af fec ts the res i s tance of a 
packed bed. For the same porosi ty, it is poss ib le to 
get d i f fe ren t arrangement of par t ic les in the bed. 
Thus for a bed composed of cyl indrical part ic les , one 
can easily visualize at least three d i f f e ren t 
a r rangements , at the same porosi ty i.e. (i) Random (ii) 
Cyl inders placed on ends (iii) p laced on sides - each 
o f fe r ing di f ferent resistance. Even for the same 
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orienta t ion and same average porosi ty , the 
arrangement of the par t ic les relat ive to each other can 
be changed, resul t ing in d i f fe ren t res is tance. 
Therefore , The ar rangement of the part ic les re la t ive to 
each other is a vary important aspect of the seepage 
problem. 
3.3.5 THE PARTICLE SURFACE ROUGHNESS 
The surface of par t ic les has two e f fec t s . Firs t ly, it 
a f fec t s the bed poros i ty for a random packing, i .e. if 
the material is f i l led in a container , smooth par t ic les 
will give a denser bed than rough part icles . This is 
because the f r ic t ion between the par t ic les impedes 
set t ing of the bed. Secondly the roughness of the 
par t ic les leads to a direct increase in the res is tance 
coef f ic ien t . 
3.3.6 RELATIVE SIZE OF CONTAINER WITH 
R E S P E C T TO THE SIZE OF THE M A T E R I A L 
This is important for laboratory work, where 
conta iners of l imited size are used to hold the porous 
mass. The permeameter walls affect the flow in two 
ways. 
1) By of fe r ing some resistance to the f low of f lu id . 
2) By dis turbing the^porosity near the walls. 
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The combined e f fec t of wall res is tance and d is turbed 
porosi ty near the walls is to affect the res is tance of 
the bed when compared to an inf ini te bed with same 
average porosi ty . The ef fec t of container wall is 
expressed as the relat ive res is tance which is the ra t io 
of the resis tance of the f in i te bed to that of an inf in i te 
bed at the same average porosi ty . 
In the present study wall ef fect is not cons idered 
because the size of the permeameter is quite large as 
compared to the average size of the mater ia ls used in 
the present s tudy. Bes ides this, the e f fec t of 
a r rangement of the par t ic les in the bed and par t ic le 
surface roughness on seepage are not the topics of 
interest so far as the present study is concerned . 
Dudgeon(9) Suggested D/d values between 5 to 250 
for no wall e f fec t , however in the present study D/d 
values ranges between 256 to 1666. 
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CHAPTER - IV 
EXPERIMENTAL SETUP, MATERIALS 
AND PROCEDURE. 
Flyash, a burnt material f rom thermal power plant s i tuated 
in var ious parts of India, has been posing a big problem to 
the engineers , as far as its disposal is concerned . As 
ment ioned earl ier the present study is an at tempt to ut i l ize 
the f lyash on a mass scale as a f low res is t ing mater ia l in 
f lexible embankments . In s i tuat ions where local sand is 
avai lable in abundance, one might think of using cement 
sand mixture in place of cement- f lyash mixture as a low 
permeable mass. Therefore for comparison purposes sand 
from two di f ferent sources has been included in the present 
s tudy. Since the materials used in the present study possess 
low permeabi^lities a fa l l ing head permeameter has been 
used instead of a constant head permeameter to determine 
the values of permeabi l i ty in case of f lyash and its mixtures 
with cement lime and sand. To achieve this aim the var ious 
steps involved are presented below: 
4.1 VARIOUS MATERIALS USED IN THE PRESENT 
STUDY 
• Flyash from Dadri Thermal Power Station, U.P. 
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• Flyash f rom Bada rpu r Thermal Power Sta t ion , 
New Delhi . 
• Flyash f rom H a r d u a g a n j Thermal Power Sta t ion , 
U . P . 
Combinat ion of var ious sizes of Dadri Flyash. 
(i) 125 micron 50% 
45 micron 50% 
(ii) 125 micron 40% 
45 micron 60% 
(iii) 125 micron 30% 
45 micron 70% 
(iv) 125 micron 50% 
75 micron 50% 
( V ) 125 micron 20% 
75 micron 20% 
45 micron 60% 
(vi) 125 micron 20% 
106 micron 10% 
75 micron 10% 
45 micron 60% 
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(vii) 125 micron - 40% • 
+ (0 -100% cement) 
45 micron - 60% 
Dadri flyash + cement (0-15%) 
Fine sand + cement (0-15%) 
Coarse sand + Cement (0-15%)\ 
Badarpur f lyash + Cement (0-15%) 
Harduagan j f lyash + Cement (0-15%) 
Comparison of Dadri , Badarpur & Harduagan j Flyash 
when mixed with cement (0-15) 
Dadri f lyash + l ime (0-100) 
Fine sand + Dadri f lyash (0 - 100%) 
Coarse sand + Dadri f lyash (0 - 100%) 
4.2 PREPARATION OF G R A D A T I O N CURVES: 
To prepare gradat ion curve for the mater ia ls used in 
the study i.e. f laysh from Dadri thermal power stat ion, 
U.P. , Badarpur Thermal Power Stat ion, New Delhi , 
Harduaganj Thermal Power Stat ion, U.P. , f ine sand 
and coarse sand, sieve analys is has been done as per I. 
S. 1498-1970. Based on sieve analys is results, ( refer 
Table 4.1, 4.2, 4.3, 4.4 and 4.5) , gradat ion curves 
(refer Figs. 4.1, 4.2, 4.3, 4.4 and 4.5) are prepared. 
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Table 4.1 
G r a d a t i o n curve for f lyash f rom Dadr i Thermal Power 
S ta t ion , U.P . 
S . N o . I .S. 
S ieve 
mic ron 
Par t ic le 
size 
(mm) 
Weight 
re ta ined 
(gm) 
% 
re ta ined 
Cumula t i ve 
% re ta ined 
% 
Finer 
1. 355 0 .355 3.10 0.60 0 .60 99.4 
2. 250 0 .250 3.00 0.60 1.20 98.8 
3. 212 0 .212 5.20 1.00 2 .20 97.8 
4 . 125 0 .125 240 .80 48 .58 50 .78 49 .22 
5. 106 0 .106 77.10 15.52 66 .30 33.70^ 
6. 75 0 .075 102.90 20 .77 87 .07 12.93 
7 45 0 .045 58.20 11.69 98 .76 1.24 
8. Pan - 5.80 1.21 99 .97 
= 100 
00 .00 
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Table 4.1 
G r a d a t i o n curve for f lyash f rom Badarpur Thermal P o w e r 
S ta t ion , N e w Delh i . 
S .No . I .S. 
S ieve 
mic ron 
Par t ic le 
size 
(mm) 
Weight 
re ta ined 
(gm) 
% 
re ta ined 
Cumula t i ve 
% re ta ined 
% 
Finer 
1. 355 0 .355 3.10 0.60 0 .60 99.4 
2. 250 0 .250 4.90 1.00 1.60 98 .40 
3. 212 0 .212 10.00 2.01 3 .61 96 .39 
4. 125 0 .125 205 .30 41 .33 44 .94 55 .06 
5. 106 0 .106 8.10 1.61 46 .55 53 .45 
6. 75 0 .075 102.60 20 .76 67 .31 32 .69 
7 45 0 .045 142.40 28 .63 95 .94 4 .06 
8. Pan - 19.60 4.03 99 .97 
= 100 
00 .00 
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Table 4.1 
Grada t ion curve for f lyash f rom H a r d u a g a n j Thermal Power 
S ta t ion , U.P. 
S .No . I .S. 
S ieve 
micron 
Par t i c le 
s ize 
(mm) 
Weight 
re ta ined 
(gm) 
% 
re ta ined 
Cumula t i ve 
% re ta ined 
% 
Fine r 
1. 355 0 .355 - - - -
2. 250 0 .250 1.10 0.20 0 .20 99 .80 
3. 212 0 .212 3.10 0.60 0 .80 99 .20 
4. 125 0 .125 209 .80 42.25 43 .05 56 .95 
5. 106 0 .106 11.00 2.21 45 .26 54 .74 
6. 75 0 .075 112.50 22.53 67 .79 32 .21 
7 45 0 .045 135.60 27 .36 95.15 4 .85 
8. Pan - 23.90 4.83 99 .98 00 .00 
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Table 4.1 
Grada t i on curve for F ine sand. 
S .No. Sieve 
size 
micron 
Par t ic le 
size 
(mm) 
Weigh t 
re ta ined 
(gm) 
%weigh t 
re ta ined 
Cumula t i ve 
%weigh t 
re ta ined 
% 
Finer 
1. 850 0 .850 7.20 0.71 0.71 99 .29 
2. 708 0 .708 4 .90 0.50 1.21 98 .79 
3. 500 0 .500 10.10 1.01 2 .22 97 .78 
4. 420 0 .420 43 .20 4 .34 6.56 93 .44 
5. 355 0 .355 629 .70 63 .64 70.20 29 .80 
6. 250 0 .250 14.00 1.41 71.61 28 .39 
7 125 0 .125 224 .10 22.62 94.23 5.77 
8. 75 0 .075 25 .90 2.62 96.85 3.15 
9 45 0 .045 24 .20 2.42 99 .27 0 .73 
10. Pan - 6.80 0.71 99.98 0.00 
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Table 4.1 
G r a d a t i o n curve for Coa r se Sand 
S . N o . S ieve 
size 
mic ron 
Par t ic le 
size 
(mm) 
Weight 
re ta ined 
(gm) 
% 
weight 
re ta ined 
Cumula t ive 
% weigh t 
re ta ined 
% 
Finer 
1. 4 7 5 0 4.75 25 .20 2.51 2 .51 97 .49 
2. 2 3 6 0 2.36 16.80 1.71 4 .22 95 .75 
3. 2 0 0 0 2.00 9.10 0.90 5 .12 94 .88 
4. 1180 1.18 52.10 5.23 10.35 89 .65 
5. 850 0 .850 100.80 10.16 20 .51 79 .49 
6. 420 0 .420 421 .10 42.35 62 .86 37 .14 
7 355 0 .355 50 .90 5.13 67 .99 32 .01 
8. 250 0.250 51.30 5.13 73 .12 26 .88 
9 125 0.125 20 .50 20.93 94 .05 5.95 
10. 75 0.075 36.10 3.62 97 .67 2 .33 
1 1 . 45 0.045 19.00 1.91 99 .58 0 .42 
12. Pan 3.90 0.40 99 .98 00 .00 
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4.3 P R E P A R A T I O N OF SAMPLE AT C O N S T A N T 
P O R O S I T Y : 
As d i scussed earl ier , the poros i ty is an impor tant parameter 
in con t ro l l ing the seepage through porous mater ia l s , hence 
it is impor tan t to achieve the desired poros i ty accura te ly . 
Since 40% poros i ty is ach ievable in most of the granular 
masses , the same has been used as the poros i ty in seepage 
s tud ies th rough the mater ia l s used in the present s tudy. 
To ach ieve this the fo l lowing in format ion is needed 
(a) Spec i f ic gravi ty of the mater ia l . 
(b) Volume of the pe rmeamete r mould . 
In the present study the densi ty bot t le method of spec i f i c 
gravi ty de te rmina t ion has been used. The va r ious steps 
invo lve are reproduced f rom I.S. 2720 (Part II) 1980 
4.3.1 Densi ty Bott le Method of spec i f i c gravity 
determinat ion; 
i) Weigh the clean, dry and cool densi ty bott le 
a long with its s topper (Wi) . 
ii) Place about 10 g (in 50 ml bot t le ) , 20 g (in 
100 ml bot t le) , of oven-dr ied and pulver ized 
sample and weigh (W2). 
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iii) Cover the soil with dist i l led water and leave 
for a suitable soaking per iod. 
iv) Add more dist i l led water unti l the bott le is 
about half ful l , remove the entrapped air and 
then fill the bott le comple te ly with dis t i l led 
water, wipe dry and weigh (W3). 
v) Empty the bott le, r inse it thoroughly , refi l l 
with dist i l led water, wipe dry on the outside 
and weigh (W4). 
vi) Repeat the test twice more. 
The Specif ic gravity ' G ' of the sample based on 
water at test temperature ' t ' is g iven by 
W2 - W, 
G at t °C = 
( W 2 - W , ) - (W3 -W4) 
Sp. Gr. of water at t °C 
G at 27 = G at t °C x - - — 
Sp. Gr. of water at 27 °C 
4.3 .2 Determination of Volume of the Mould 
The volume of the mould in which the sample is to 
f i l led for permeabil i ty de terminat ion , is determined 
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three t imes by f i l l ing it with clear water . The average 
value has been taken as the volume of the mould in 
ml. 
4.3.3 Preparat ion of Test Bed: 
By knowing the volume of the mould and the spec i f ic 
gravi ty of the test sample, weight of test sample 
needed to achieve a porosi ty of 40% is de termined. In 
case of mixture of materials, the weighted value of 
speci f ic gravity depending upon their pe rcen tage in 
the mixture, is used for the de terminat ion of mass at 
40% porosi ty and it is then fi l led in the mould in three 
equal layers for uni formity and the requi red 
compact ive effor t is applied to each layer to achieve 
the required porosity. 
4.4 PERMEABILITY MEASUREMENT 
The required test bed prepared at 40% poros i ty was 
al lowed to get saturated by gradual ly pass ing water 
through it and observat ions for the determinat ion of 
permeabi l i ty were taken by not ing the t ime of a 
known fall in the water surface in the permeameter 
s tand-pipe. Stop watch having a least count of 0.2 sec 
was used for this purpose. Tempera ture was also 
recorded during the experimental work as it affects 
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the viscosity of water and hence its perco la t ion . In 
case of mixture of cement f lyash, cement f ine sand, 
cement coarse sand and lime f lyash, water was f i l led 
in the stand pipe so as to saturate the sample . Then it 
was al lowed to set for twenty-four hours . Af te r that , 
again suff ic ient water was added to get the sample 
proper ly cured. 
Final ly , the permeabil i ty was determined af ter seven 
days of curing. The required value of permeabi l i ty is 
determined by using fol lowing formula . 
aL hi 
K = 2.3 Log,o 
At h2 
Where a = area of stand pipe - cm^ 
A = cross-sectional area of sample - cm^ 
L = Length of sample - cm 
t = time in sees -
h] = Initial heaa- cm 
h j = final head - cm. 
K = Coeff ic ient of permeabil i ty in cm/s 
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Temperature is noted during the test. The 
permeabi l i t ies so obtained can be conver ted to a 
constant temperature of 27 °C 
l^t 
K27 Kt 
1^27 
|Li27 = dynamic viscosity of water at 27°C 
l^ t - dynamic viscosity of water at test 
temperature . 
4 .5 PREPARATION OF CUBES AT C O N S T A N T 
POROSITY FOR COMPRESSIVE S T R E N G T H 
DETERMINATION 
To study the strength character is t ics , the compress ive 
s t rength studies of f lyash col lected f rom var ious 
sources mixed with cement and lime were carried out. 
Cubes of 15 cm size are prepared and tested for their 
compress ive strength af ter 7 days of curing. The 
resul ts so obtained are plot ted on a simple graph 
paper in the next chapter. 
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CHAPTER - V 
SEEPAGE CONTROL THROUGH 
FLYASH 
As ment ioned in Chapter 1, the main aim of the present 
s tudy is to control seepage through f lyash so as to use it as 
a seepage control barr ier on a mass scale. To achieve this 
aim the f low character is t ics of d i f ferent mater ia ls and their 
mix tures in d i f fe ren t proport ions used in the present s tudy 
was taken-up . A fa l l ing head permeameater was used due to 
the low permeabi l i t i es of the experimental mater ials used in 
th is s tudy. 
This was done for various uniform sizes of the s tudy 
mater ia l s at a known porosity, i.e. 40% which is genera l ly 
ach ievab le in most of the granular materials . 
5.1 SOURCES OF FLYASH 
As f lyash is the main material in the present s tudy, it 
has been col lected from the fo l lowing sources. 
i) Dadri thermal power plant s i tuated in U.P. 
ii) Badarpur Thermal Power Plant situated in New 
Delhi . 
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iii) Harduagang Thermal Power Plant s i tuated at 
Harduaganj in U.P. 
5.2 DETERMINATION OF SEEPAGE T H R O U G H 
FLYASH 
The f lyash col lected in dry condit ion f rom the above 
ment ioned sources are subjected permeabi l i ty test as 
per the procedure already mentioned in Chapter IV. 
Table 5.1 shows the values of permeabi l i ty ' K ' (Cm/s) 
with average size (mm) for the f lyash col lec ted f rom 
Dadri , Badarpur and Harduaganj thermal p o w e r 
stat ion. A graphical representat ion of these resu l t s is 
g iven in Fig. 5.1. 
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T A B L E 5.10 
Var ia t ion of ' k ' with dso in case of Dadr i , B a d a r p u r and 
H a r d u a g a n j f iyash . 
S .No Average 
size (mm) 
Value of pe rmeab i l i ty in cm/s 
Dadri 
f iyash 
Badarpur 
f iyash 
H a r d u a g a n j 
f iyash 
1 0.231 2.86x10"^ 4.93x10"^ 4.47x10-^ 
2 0 .168 2.95x10-' ' 2.60x10-^ 2.52x10-^ 
3 0.115 8.63x10'^ 9.04x10-^ 1.07x10-^ 
4 0.090 5.80x10"^ 2.66x10-^ 2.56x10-^ 
5 0.060 4.18x10-^ 1.42x10-' ' 2.10x10-^* 
5.3 D E T E R M I N A T I O N OF S E E P A G E T H R O U G H 
F I N E SAND AND C O A R S E SAND 
For the purpose of compar ison , the seepage res i s t ive ly 
of f ine sand and coarse sand were a lso de te rmined at 
cons tan t poros i ty of 40% and at a cons tan t 
t empera tu re of 27°C. It is observed that the f iyash 
o f f e r s more res is tance to seepage of water th rough it 
as compared to f ine sand and coarse sand. The resul t 
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T A B L E 5.10 
Var iab le of ' K ' with 'dso' in case of f ine sand and coarse 
sand . 
S .No. 
Ave rage size 
(cm) 
Value of pe rmeab i l i ty in 
cm/s 
Fine sand Coarse sand 
1. 0 .0390 3.13x10-^ 9.97x10"^ 
2. 0 .0302 2.98x10'^ 9.50x10'^ 
3. 0 .0231 2.72x10'^ 8.95x10-^ 
4. 0 .0168 1.32x10"^ 3.09x10-^ 
5. 0 .0115 5.88x10"^ 2.53x10-^ 
6 0 .0090 4.34x10"^ 1.91x10"^ 
7 0 .0060 3.20x10"^ 1.43x10-^ 
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so obtained are repor ted in Table 5.2 and plot ted in 
Fig. 5.2 
5.4 VARIATION OF PERMEABILITY WITH 
POROSITY 
For comparing the resul ts , the porosi ty is kept 
constant as 40%, in the present s tudy, general ly 
achievable porosi ty in most of the granular soil. 
However the var ia t ion of permeabi l i ty with porosi ty 
for the f lyash col lected f rom various sources has been 
given in Table 5.3 and pioi ted in Fig. 5.3. This study 
is meant for the purpose of correct ing the 
permeabi l i ty at desired porosi ty i.e. 40% if the 
porosi ty of the test bed is d i f ferent f rom 40%. Based 
on the laboratory resul ts , the fo l lowing re la t ionships 
have been developed between the permeabi l i ty ' K ' 
and the porosi ty ' f . 
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T A B L E 5.10 
Var ia t ion of ' K ' with poros i ty ( f ) at cons tan t t empe ra tu r e 
i .e. 27°C for f lyash f rom d i f f e r en t sources . 
Po ros i ty Values of ' k ' (cm/s) 
Dadri flyash Bada rpur 
f lyash 
H a r d u a g a n j 
flyash 
4 0 % 1 .296x10- ' 2 . 0 x 1 0 ' ' 2 .32x10" ' 
4 2 % 1 .810x10- ' 2 .85x10" ' 3 .10x10" ' 
4 4 % 2 .65x10- ' 3 .64x10 '^ 4 .05x10" ' 
4 6 % 3 .81x10- ' 4 .90x10" ' 6 .04x10" ' 
F o l l o w i n g re la t ionsh ips are ob ta ined for f lyash f rom 
va r ious sources . 
For Dadr i flyash k = 0 .155 (f) - 5.1 
For Bada rpu r f lyash k - 0 .065 (f) - 5.2 
For H a r d u a g a n j flyash k = 0 .107 (f) - 5.3 
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5.5 USE O F F L Y A S H F O R S E E P A G E C O N T R O L 
In order to increase the seepage resis t ivi ty of f lyash , 
mixing of cement in various propor t ions , was t r ied to 
get a low permeable mass, which can be used as a 
seepage resist ing medium as core as well shell 
material in the body of the f lexible dams. 
5.5.1 USE O F DADRI F L Y A S H 
In an effor t to increase the seepage resis t ivi ty of 
Dadri f lyash, the mixture of d i f ferent sizes in var ious 
propor t ions were tr ied. These are listed below: 
i) 125 micron - 50% ii) 125 micron - 40% 
45 micron - 50% 45 micron - 60% 
iii) 125 micron - 30% iv) 125 micron - 50% 
45 micron - 70% 75 micron - 50% 
v) 125 micron - 20% vi) 125 micron - 20% 
75 micron - 20% 106 micron - 10% 
45 micron - 60% 45 micron - 60% 
75 micron - 10% 
It has been observed that a combinat ion of 40% f lyash 
of 125 micron size and 60% flyash of 45 microns size gives 
lowest permeabil i ty as compared to other combinat ions . 
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In order to fu r ther reduce the permeabi l i ty of the 
mater ia l . The above combina t ion of 125 micron and 45 
micron (40% and 60%) was again tested af ter mixing 
varying percentage of cement in it (0% to 100%), The 
resul t s so obtained have been reported in Table 5.4. Figure 
5.4 shows the variat ion of ' k ' with percentage of cement in 
the above combinat ion of Dadri f lyash. From the f igure it 
can be seen that at 11% to 15% cement content , 
permeabi l i ty of mixture is in the range of the permeabi l i ty 
of clay, at 30% cement content , permeabi l i ty fur ther 
reduces to one-four th of that cor responding to 15% cement 
content ; and f inal ly at 100% cement the permeabi l i ty near ly 
equals to zero. 
Keeping in mind the ease of use of f lyash , an at tempt 
was made to use Dadri f lyash in its natural form thus 
avoid ing the sieving of f lyash to get the above ment ioned 
par t icu lar sizes. The cement was added to the natural form 
of f lyash in d i f ferent percentage (0-15%)). The resul ts so 
obta ined have been reported in Table 5.5. F igure 5.5 shows 
the variat ion of ' k ' with percentage of cement (0-15%). 
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The variat ion of ' k ' with percentage of cement in case 
of natural f lyash (Fig. 5.5) appears to be a s t raight line, 
showing nearly a constant rate of reduc t ion in the 
pe rmeab i l i ty with increase in percentage of cement . At 15% 
cement the value of ' k ' becomes equal to the permeabi l i ty 
of c lay in its init ial range. 
In an attempt to compare the seepage res is t iv i ty of 
Dadr i f lyash mixed with cement, with f ine sand and coarse 
sand mixed with the same percentage of cement , the 
pe rmeab i l i ty determinat ion tests were conduc ted in the 
same manner as ment ioned in Chapter IV for f ine sand and 
coarse sand as well . The results so obta ined have been 
r epor t ed in Table 5.5. The variat ion of pe rmeab i l i ty ' k ' 
wi th percentage of cement in case of f ine sand and coarse 
sand have been shown in Figs. 5.6 and 5,7 respec t ive ly . The 
va r i a t ion of ' k ' with percentage of cement is s imilar to 
each other in both of the cases but ent i rely d i f fe ren t f rom 
the pa t te rns for f lyash. It can be seen f rom the f igure 5.6 
and 5.7 that up to 5% cement there is sharp and un i fo rm 
reduc t ion in the value of ' k ' for f ine sand and coarse sand 
and above 5% cement content there is a gradual reduct ion 
in the value of ' k ' . 
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T A B L E 5.10 
Var i a t i on of ' k ' with pe rcen tage of cement in case of Dadr i 
flyash ( 1 2 5 ^ - 40% and 45| i - 60%) 
S. N O . Percen tage 
of cement 
Value of Pe rmeab i l i t y 
' k ' (cm/s) 
1 0 5.483x10"^ 
2 5 2.778x10'^ 
3 7 1.482x10"^ 
4 9 1.252x10'^ 
5 11 9.360x10"^ 
6 15 7.410x10"^ 
7 30 2 .185x10" ' 
8 60 5.369x10-^ 
9 100 6 .902x10-" ' 
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TABLE 5.10 
V a r i a t i o n of ' k ' with percentage of cement in case of Dadr i 
f l y a s h , f ine sand and coarse sand (natural samples ) . 
S. N O . Percen tage 
of cement 
Value of k (cm/s) at 27°C 
Dadri 
f lyash 
Fine sand Coarse 
sand 
1 0.00 1.30x10"'' 1.49x10-^ 1.00x10-^ 
2 5.00 8.87x10"^ 2 .15x10 '^ 1.10x10"^ 
3 7.00 7.13x10"^ 1.10x10'^ 5 .80x10 '^ 
4 9.00 5.87x10'^ 9.53x10-'* 4 .13x10-" 
5 11.00 4.61x10-^ 6.84x10-^ 1.10x10'^ 
6 13.00 2.79x10-^ 3.57x10"^ 7.02x10"^ 
7 15.00 1.29x10"^ 1.37x10-' ' 3.87x10-^ 
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5.5.2 USE OF BADARPUR FLYASH AND 
H A R D U A G A N J FLYASH 
To widen the scope of ut i l izat ion of f lyash in seepage 
control , the f lyash from Badarpur and Harduagan j 
thermal power station were also tested for 
permeabi l i ty at the same constant porosi ty and 
tempera ture as in case of Dadri f lyash. The results so 
obta ined have been reported in Table 5.6. The 
var ia t ion of permeabi l i ty ' k ' with percentage of 
cement (0-15%) has been shown in Fig. 5.8. A perusa l 
of Table 5.6 shows that the value of ' k ' in case of 
Dadri f lyash is lowest at all percentages of cement as 
compared to Badarpur and Harduagan j f lyash, but at 
15% cement content the permeabi l i t ies of f lyash 
cement mixtures in each case attains a value in the 
close proximity of the permeabi l i ty of clay. So it can 
be suggested that f lyash f rom any of the above three 
sources mixed with 15% of cement can be used as a 
low permeable mass for the control of seepage. 
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T A B L E 5.10 
Var i a t i on of ' k ' with mix tu re of cement and f lyash f rom 
Dadr i , Badarupr and H a r d u a g a n j Thermal Power S ta t ions . 
S .No Percen tage 
of cement 
Value of k (cm/s) 
Dadri f lyash Bada rpur 
f lyash 
H a r d u a g a n j 
f lyash 
1 0 .00 1.296x10"* 2.0x10"' ' 2.32x10-^ 
2 5.00 8.875x10-^ 1.281x10-^ 1 .522x10 '^ 
3 7.00 7.125x10-^ 1.06x10-^ 1.334x10-^ 
4 9 .00 5.865x10"^ 9.00x10-^ 1.051x10'^ 
5 11.00 4.607x10"^ 6 .312x10 '^ 6.875x10-^ 
6 13.00 2.785x10"^ 4.510x10"^ 4.312x10"^ 
7 15.00 1.288x10-^ 1.875x10'^ 1.570x10-^ 
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Fig. 5.8 - Variation of 'K' with Mixture of cement & 
f lyash from Dadri, Badarpur & Harduaganj Power 
Stations. 
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5.6 S T R E N G H T C H A R A C T E R I S T I C S O F F L Y A S H 
For carrying out compressive s trength studies of 
f lyash from various sources mixed with varying 
percentage of cement, the volume of the mould of 15 
cm cube is determined by f i l l ing it with water . The 
speci f ic gravity of cement and f lyash is determined by 
a densi ty bott le. Then by using the weighted value of 
speci f ic gravity depending upon their percentage in 
the mixture, the weight of mixture to be f i l led in the 
mould at 40% porosi ty is de termined. The mass so 
obtained is f i l led in three equal layers in the mould 
with required compact ive e f for t . Then the cubes are 
cured for 7 days and tested in a compress ive s t rength 
tes t ing machine. The resul ts so obta ined have been 
repor ted in Table 5.7. The var ia t ion of compress ive 
s t rength with percentage of cement is represented on a 
s imple graph i.e. Fig. 5.9. On the basis of the test 
resul ts it can be suggested that f lyash mixed with 15% 
cement posses considerable compress ive strength to 
f ind its use in si tuat ions where seepage control is 
desired, like core as well as shell material in the body 
of the dam, canal l ining and sub-base of road 
embankments . 
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T A B L E 5.10 
V a r i a t i o n of Compress ive s t rength of f lyash f rom var ious 
s o u r c e s mixed v^ith known pe rcen tage of cemen t at cons tan t 
p o r o s i t y . 
S .No Pe rcen tage 
of cement 
Compress ive s t reng th (kg/cm^) a f t e r 7 
days of cur ing 
Dadri f lyash H a r d u a g a n j Bada rpu r 
1 5 .00 4.50 3 .91 -
2 7.50 12.14 9 .75 9.48 
3 10.00 21.03 20 .30 18.70 
4 12.50 32.89 29 .33 25 .60 
5 15.00 42 .07 37 .33 31.70 
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Fig. 5.9 Variation of Compressive Strength of Flyasli 
from Various Sources Mixed with known percentage of 
cement at Constant porosity. 
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5.7 USE O F L I M E IN C O N T R O L L I N G T H E 
P E R M E A B I L I T Y O F F L Y A S H 
In the recent past lime was used as a binding mater ia l 
in the lime surkhi mortar used for brick masonry . 
Keeping this idea in mind the use of lime for reducing 
the permeabi l i ty of flyash has also been s tudied. An 
at tempt has been made to compare the results re lated 
to the e f fec t of lime as well as cement on the 
permeabi l i ty of f lyash collected f rom Dadri thermal 
power stat ion. The porosi ty has been kept constant at 
40% for the purpose of comparison. The lime f lyash 
mixtures with d i f ferent percentage of lime (0 -100%) 
were subjected to permeabi l i ty test in the same 
manner as already mentioned in Chapter IV. The 
resul ts so obtained have been reported in Table 5.8 
and the var ia t ion of permeabil i ty ' k ' with percentage 
of lime (0-100%) is presented on a simple graph i.e. 
Fig. 5.10. The variat ion of ' k ' with percentage of 
cement (0-15%) mixed with Dadri f lyash has been 
shown in Fig. 5.5. The Dadri f lyash is chosen for this 
s tudy because of its having lowest permeabi l i ty as 
compared to Badarpur and Harduaganj f lyash refer 
Fig. 5.8 and Table 5.6 
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It has been observed that the permeabi l i ty of f lyash 
reduces with the increase of lime and cement 
percentages . In case of cement, the permeabi l i ty 
reduces cont inuously with the increase of percentage 
of cement, where as in case of lime the permeabi l i ty 
of f lyash reduces only upto 40% lime and thereaf ter 
any fur ther increase of lime percentage increases the 
permeabi l i ty of l ime f lyash mixture . A perusal of Fig. 
5.5 and 5.10 reveals that mixing of 15% of cement or 
35%) of lime to the f lyash gives pract ica l ly the same 
value of permeabi l i ty which is found to be in the 
init ial range of the permeabi l i ty of clay. 
5.8 STRENGTH CHARACTERISTICS OF LIME 
FLYASH MIXTURES. 
To study the s trength character is t ics of lime f lyash 
mixtures , cubes of 15 cm size mixed with varying 
percentage of lime are prepared in the manner as 
already explained in Chapter IV. The cubes so 
prepared were subjected to compress ive strength tests. 
The results so obtained have been reported in Table 
5.9. The variat ion of compressive strength with 
percentage of lime in l ime-f lyash mixture cubes has 
been presented on a simple graph as shown in Fig. 
i . l l . A perusal of Fig. 5.11 and 5.9 reveals that the 
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l ime f lyash mixture have quite low compress ive 
s t rength as compared to cement f lyash mix tu re at the 
same porosi ty . 
T A B L E 5.8 
Var ia t ion of permeabi l i ty ' k ' of f lyash mixed with 
pe r cen t age of lime (0-100%) 
S. No. Percentage of 
Lime 
K cm/s 
1. 0.0 1.3x10"'' 
2. 10 3.74x10"^ 
3. 20 2.40x10"^ 
4 30 1.52x10"^ 
5 40 9.66x10-^ 
6 50 2 .25x10" ' 
7 60 3 .65x10" ' 
8 80 6 .12x10" ' 
9 100 9.12x10"^ 
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Fig. 5.10 - Variation of Permeability 'K' of Dadri Flyash 
Mixed with percentage of Lime (0-100%) 
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T A B L E 5.9 
Var ia t ion of compressive strength! of cubes made of f lyash 
l ime mixture with percentage of lime (10-100%) 
S. No. p e r c e n t a g e of 
l ime 
C o m p r e s s i v e 
s t r e n g t h (kg/cm^) 
1 10 1.185 
2 20 1.78 
3 30 2.37 
4 40 2.67 
5 50 1.78 
6 80 1.55 
7 100 1.18 
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5.9 E F F E C T O F F L Y A S H IN R E D U C I N G T H E 
P E R M E A B I L I T Y O F SAND BEDS. 
As the permeabi l i ty of f lyash is much less than the 
permeabi l i ty of f ine sand and coarse sand at the same 
porosi ty , the use of f lyash for reducing the 
permeabi l i ty of sand beds has also been tried, and an 
at tempt has been made to study the e f fec t of Dadri 
f lyash in reducing the permeabi l i ty of sand beds at 
constant porosi ty. The f lyash f ine sand and f lyash 
coarse sand mixtures with d i f ferent percen tages of 
f lyash (0-100%) were subjected to the permeabi l i ty 
tests in the same manner as explained in Chapter IV. 
The results so obtained have been reported in Table 
5.10 and the var ia t ion of permeabi l i ty ' k ' with 
percentage of f lyash (0-100%) both in case of f ine 
sand and coarse sand has been shown on a simple 
graph paper in Fig. 5.12 and 5.13 respect ively . The 
study reveals that in case of f ine sand minimum 
permeabi l i ty was observed at 80% f lyash, where as in 
case of coarse sand it occurs at 60% flyash for a 
constant porosi ty of 40%. However the minimum 
value of permeabil i ty achieved in case of coarse sand 
at 60% flyash is 21% less than the minimum 
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permeabi l i ty achieved in case of f ine sand at 80% 
f lyash. 
Fur ther an effor t to fu r ther increase the seepage 
resis t ivi ty of f lyash-sand mixtures , they were mixed 
with small percentages of cement and tested for the 
permeabi l i ty in the manner as expla ined in Chapter 
IV. The result so obta ined have been repor ted in Table 
5.11, and the var ia t ion of permeabi l i ty ' k ' with 
percentage of cement has been shown in Fig. 5.14. It 
in observed that at 10% cement , the mix ture of 60% 
f lyash and 40% coarse sand gives the value of 
permeabi l i ty in the ini t ia l range of c lay. However 15% 
cement is required in case of 80% f lyash and 20% f ine 
sand to get pract ical ly the same value of permeabi l i ty . 
5.10 STRENGTH C H A R A C T E R S I T I C S OF F L Y A S H 
SAND MIXTURES. 
In an attempt to study the s t rength charac ter i s t ics of 
the above mixtures, compress ive s t rength s tudies have 
been conducted. The cube of 15 cm size of 60% f lyash 
40% coarse sand and 80% f lyash 20 f ine sand mixed 
with varying percentage of cement (0-15%) were 
prepared in the manner as expla ined in Chapter IV. 
The cubes were tested under a compress ive s trength 
test ing machine after 7 days of cur ing. The resul ts so 
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obtained have been reported in Table 5.12 and the 
variat ion of compressive s t rength with pe rcen tage of 
cement have been shown in Fig. 5.15 
The Compressive strength achieved at 10% cement in 
case of 60% flyash and 40% coarse sand mixture can 
also be achieved in case of 80%) f lyash and 20%o f ine 
sand by adding 15% of cement . The low permeable 
mass so obtained can f ind its use below the f loor of a 
hydraul ic s tructure, as u/s b lanket and also as a fill 
material in the const ruct ion of low he igh t 
embankments . 
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TABLE 5.10 
Var ia t ion of permeabi l i ty of f ine sand and coarse sand wi th 
f l ya sh (0 -100%) 
S. No. Percentage of 
Flyash 
Fine sand 
k(cm/s) 
Coarse sand 
k(cm/s) 
1 0 1.49x10'^ l.OOxlO"^ 
2 20 1.9^x10'^ 6.75x10"^ 
3 40 7.79x10-^ 4.51x10-^ 
4 60 5.05x10-^ 3.66x10-^ 
5 80 4.64x10"^ 4.26x10-^ 
6 100 1.30x10-' ' 1.30x10-^ 
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Fig. 5.12 - Variation of permeabil i ty of Fine sand with 
Flyash. 
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Fig. 5.13 - Variation of Permeabil i ty of Coarse sand 
with Flyash. 
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TABLE 5.10 
V a r i a t i o n of ' k ' with percen tage of cement in case of 80% 
f lyasl i 2 0 % f ine sand and 60% f lyash 40% coa r se sand . 
80% 60% 
S. No. 
Pe rcen tage f lyash+20% f l y a s h + 4 0 % 
of Cement f ine sand coarse sand 
K cm/s K ( cm/s ) 
1 0 4.64x10'^ 3.66x10"^ 
2 4 3.675x10-^ 2 .70x10 '^ 
3 6 3.50x10"^ 2.12x10"^ 
4 8 3.375x10"^ 1.425x10"^ 
5 10 2.05x10-^ 1.15x10-^ 
6 15 1.175x10-^ 
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Fig . 5 .14 - V a r i a t i o n of p e r m e a b i l i t y ' K ' w i th % a g e of 
c e m e n t in case of 8 0 % Flyash , 2 0 % F ine S a n d M i x t u r e & 
6 0 % F lyash . 
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T A B L E 5.12 
Var ia t ion of Compressive strength with percentage of 
cement , incase of 80% fiyash 20% fine sand & 60% flyash 
40% coarse sand. 
2 Compressive s t rength kg/cm 
s. Percentage 80% flyash+20% 
No. of Cement f ine sand 
60% flyash+40% 
coarse sand 
1 4 5.0 17.50 
2 6 11.75 33.10 
3 8 23.5 41.50 
4 10 30.25 53.20 
5 15 52.10 -
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CHAPTER - VI 
RESULTS AND DISCUSSION 
6.1 G E N E R A L 
The resul ts of the experimental inves t iga t ion on the 
mater ia ls used in the present study are presented as 
permeabi l i ty - Average size, Permeabi l i ty - Poros i ty 
and Permeabi l i ty - Percentage of cement p lots . The 
mater ia l used in the present study i.e. f ly ash f rom 
d i f fe ren t sources namely Dadri Thermal Pov^er 
Stat ion, Badarpur Thermal Power Sta t ion and 
Harduagan j Thermal Power Stat ion, f ine sand and 
coarse sand were subjected to s ieve analys is , and 
par t ic le size dis t r ibut ion curves are p lo t ted in each 
case. Compressive strength studies in the form of 
compress ive strength - Percentage of cement and 
compress ive strength - Percentage of lime are 
presen ted . A discussion of the var ious resul ts in 
re la t ion to the d i f ferent aspects of the problem studied 
is given below: 
6.2 G R A D A T I O N C U R V E S : Based on sieve analysis , 
gradat ion curves for Dadri fly ash, Badarpur f lyash , 
Harduagan j fly ash, f ine sand and coarse sand have 
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been prepared and the results of un i fo rmi ty 
coef f ic ien t and coeff ic ient of curvature fo rm d i f f e ren t 
mater ia ls are tabulated in the fo l lowing Tab le 6.1 
TABLE 6.1 
List of unfirmity coeff ic ient C„ and c o e f f i c i e n t of 
curvature C^ in case of f lyash from d i f f erent sources , 
f ine sand and coarse sand. 
S. No . Name of the 
Material 
Uniformi ty 
Coef f ic ien t Cu 
C o e f f i c i e n t of 
cu rva tu re Cc 
1 Dadri Flyash 2.0 1.13 
2. Badarpur Flyash 2.45 0 .88 
3. Harduaganj f lyash 2.40 0 .80 
4. Fine Sand 2.1 1.76 
5. Coarse Sand 3.75 1.06 
6.3 PERMEABILITY - AVERAGE SIZE P L O T FOR 
FLY ASH 
6.3.1 A perusal of fig. 5.1 reveals that the pe rmeab i l i ty 
reduces as the average size of f lyash reduces . It is 
minimum at 45 micron and maximum at 250 micron in 
all the cases under study i.e. Dadri Fly ash, Badarpur 
Fly ash and Harduaganj Fly ash. The average size has 
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been taken as the mean of two consecut ive s ieve s izes 
i .e. the one through which the material passes and on 
which it is retained. Fig. 5.1 also revea ls that the 
va lues of permeabi l i ty ' K ' in case of Dadri Fly ash is 
lowest for all the average sizes as compared to f l yash 
f rom Badarpur and Harduaganj . It is also clear f r om 
Fig .5 .1 that the variat ion of ' K ' with average size is 
non- l inear in all the cases studied. In case of Dadr i 
f lyash , Badarpur f lyash and Harduagan j f lyash ' K ' 
increases gradual ly with increase in average size up to 
0 .168mm, O.I15mm and 0.09mm respec t ive ly , and 
then the var ia t ions takes an asymptot ic pa t te rn . 
6.4 P E R M E A B I L I T Y - AVERAGE SIZE P L O T F O R 
SANDS. 
6.4.1 Var ia t ion of 'K' with dso in case of f ine sand and 
coarse sand, as plotted in Fig. 5.2, show a t rend 
s imilar to that of fly ash. 
6.5 P E R M E A B I L I T Y - POROSITY R E L A T I O N S H I P 
The resul ts of experimental work re la ted to 
Permeabi l i ty -Poros i ty correlat ion are presen ted as 
Fig . 5.3, which shows a nonl inear var ia t ion be tween 
the two parameters . It has been observed that there 
exis ts a funct ional re la t ionship as g iven be low 
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between poros i ty (f) and permeabi l i ty (K) of f lyash 
f rom each source. 
For Dadri Flyash K - 0.155 (f) 
For Badarpur flyash K = 0.065 (f) 
For Ha rduagan j flyash K = 0.107 (f) ^ ^ 
Above ment ioned correlat ions show that a s l ight 
change in poros i ty will a f fec t the pe rmeab i l i ty 
cons iderab ly . The results are based on labora tory 
observa t ions and need ver i f ica t ion under varying f ie ld 
condi t ions . 
6.6 L O W P E R M E A B L E MASS 
6.61 In order to fur ther reduce the permeabi l i ty of Dadr i 
F lyash , the fo l lowing combinat ions of d i f fe ren t sizes, 
were t r ied. 
i) 125 micron 50% ii) 125 micron 40% 
45 micron 50% 45 micron 60% 
iii) 125 micron 30% iv) 125 micron 50% 
45 micron 70% 75 micron 50% 
V) 125 micron 20% vi) 125 micron 20% 
75 micron 20% 106 micron 10% 
45 micron 60% 75 micron 10% 
45 micron 60% 
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It has been observed that a combinat ion of 40% f lyash 
of 125 micron and 60% flyash of 45 micron size gives 
the minimum value of permeabi l i ty as compared to 
other combinat ions s tudied. 
6.6.2 The selected combinat ion of 125 micron and 45 
micron was again tested with varying percen tages of 
cement (0-100%), in order to fur ther reduce the 
permeabi l i ty of the mater ial . Fig. 5.4 shows the 
var ia t ion of ' K ' with percentage of cement . From the 
f igure , it can be seen that at 11% to 15% cement 
content , the permeabi l i ty of the mixture is in the 
range of permeabi l i ty of clay, at 30% cement content , 
permeabi l i ty fur ther reduces to one- four th of that 
cor responding to 15% cement content . 
6 .6 .3 Natura l samples of Dadri f lyash, Badarpur f lyash and 
Harduagan j f lyash were mixed with ordinary port land 
cement 43 grade in d i f fe ren t p ropor t ions and were 
subjec ted to permeabi l i ty de terminat ion test at a 
constant porosi ty . The results so obta ined have been 
repor ted in Table 5.6. The var ia t ion of ' K ' with 
mixture of cement and f lyash f rom Dadri , Badarpur 
and Harduaganj power station has been shown in Fig. 
5.8. A study of Fig. 5.8 shows that the permeabi l i ty of 
Dadri f lyash is minimum fol lowed by Badarpur and 
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then Harduaganj . When mixed with cement the 
var ia t ion of permeabi l i ty with percentage of cement in 
the f lyash is l inear. Further the rates of reduc t ion in 
the values of permeabi l i ty of Dadr i , Badarpur and 
Harduagan j f lyashes are 7.781 x 10"^ 1.208 x 10"^ and 
1.442 X 10"^ cm/s for each percent of cement 
respect ively . As the percentage of cement increases , 
the d i f fe rence in the values of permeabi l i ty of 
mixtures of cement with f lyash f rom d i f fe ren t sources 
decreases and finally at 15% it becomes prac t ica l ly 
the same as three lines for Dadr i , Badarpur and 
Harduagan j f lyash merge toge ther and give almost 
same permeabi l i ty . 
6.7 COMPARISION OF ^K' VALUES OF F L Y A S H 
AND SAND MIXED WITH C E M E N T 
As it is clear that Dadri f lyash gives the lowest 
permeabi l i ty at various pe rcen tages of cement , for the 
purpose of comparison, f ine sand and coarse sand 
were mixed with the same percen tage of cement as in 
case of Dadri f lyash. The resul ts so obtained have 
been reported in Table 5.5. 
The variat ion of ' K ' with percentage of cement (0-
15%) in case of Dadri f lyash , f ine sand and coarse 
sand have been shown in Fig. 5.5, 5.6 and 5.7 
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respect ively . A crit ical review of these Figs reveals 
that: 
The variat ion of ' K ' with percentage of cement , in 
case of f lyash appears to be a s traight line, showing 
nearly a constant rate of reduct ion in the permeabi l i ty 
with increase in percentage of cement except for 
sl ight var ia t ion i.e. for the range of 5% cement the 
value of ' K ' reduces by 8.26 x 10"^ cm/s per % of 
cement, between 5 and 10% of cement the value of 'K 
reduces by 7.74 x 10"^ cm/s per % of cement and 
between iO to 15% permeabi l i ty reduce by 7.42 x 10'^ 
cm/s per % of cement . 
The variat ion of ' K ' with percentage of cement in 
case of f ine sand and coarse sand (Fig 5.6 & 5.7) is 
s imilar to each other but entirely d i f fe ren t f rom the 
pat tern for f lyash , A perusal of Fig. 5.6 & 5.7 shows 
that up to 5% cement there is a sharp and uni form 
reduct ion in the value of ' K ' and above 5% cement 
content , there is a gradual reduct ion in the value of K. 
At 5% cement in case of fine sand, (Fig. 5.6) the 
value of ' K ' of natural sample reduces by 86% and in 
case of coarse sand (Fig. 5.7) by 89%. There fo re 
fur ther increase in percent of cement in case of sands 
is not much e f fec t ive in reducing the permeabi l i t i es . 
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At 5% cement content the permeabi l i ty for f lyash is 
8.87x10"'^ cm/s, in case of f ine sand it is 2.15 x 10'^ 
cm/s and 1.10 x 10"^ cm/s for coarse sand. i .e . it is 
min imum for f lyash-cement mixture. 
6.8 S T R E N G T H CHARACTERISTICS OF F L Y A S H 
F R O M VARIOUS SOURCES 
In ordor to ensure the use of cement f lyash mix tures 
in the construct ion of seepage barr iers of dams/ 
hydrau l i c structures, the compress ive s t rength tes t s of 
cubes made from mixtures of f lyash f rom va r ious 
sources and cement mixed in varying propor t ions were 
car r ied out in the manner as expla ined in chapter IV. 
F ig . 5.9 shows the var ia t ions of compress ive s t rength 
wi th percentage of cement for f lyash from var ious 
sources under study. It is clear from Fig. 5.9 that : 
(i) In all the cases under study the var ia t ion 
between the compressive s t rength of cement 
f lyash cube and percentage of cement is in line 
with the variat ion of cement sand mortar 
strength, with percentage of cement (22). So the 
f lyash can be used as a replacement of sand. 
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(ii) Dadri f lyash gives the maximum compress ive 
strength for all the percentage of cement 
fol lowed by Harduaganj and Badarpur . 
(iii) At 15% cement Dadri , Badarpur and Harduagan j 
Flyash give compressive s t rength of 42 .07 
kg/cm^ 31.70 kg/cm^ and 37.35 kg/cm^ 
respect ively. 
6.9 E F F E C T O F L I M E AND C E M E N T ON T H E 
P E R M E A B I L I T Y O F DADRI F L Y A S H 
Fig. 5.10 shows the variat ion of permeabi l i ty ' K ' of 
f lyash mixed with various percentage of lime (0-
100%). It can be observed from Fig. 5.10, that the 
minimum permeabil i ty is achieved at 40% lime. The 
rate of reduction in 0-10% lime range is 9.26 x 10'^ 
cm/s for each percent of lime and be tween the range 
of 10-40% lime it is 9.246 x 10"^ cm/s for each 
percent of lime. After 40%) of l ime, the permeabi l i ty 
of lime flyash mixtures again increases with a uniform 
rate of about 1.359 x 10"^ cm/s per percent of l ime. 
This increase in the permeabi l i ty appears to be due to 
increase in micro-cracking of lime at its h igher 
percentages i.e. > 40%. 
91 
Fig. 5.5. shows the variat ion of ' K ' of Dadri f lyash 
with the percentage of cement (0-15%). It has been 
observed that the permeabi l i ty reduces l inear ly with 
the increase in percentage of cement up to 15% with a 
un i form rate of 7.806 x 10'^ cm/s for each percent of 
cement . 
A comparat ive study of Fig. 5.10 and 5.5 reveals that 
the value of permeabi l i ty (i.e. 1.29 x 10"^ cm/s) of 
f lyash mixed with 15% of ordinary Por t land cement 
43 grade can also be achieved by mix ing 35% of lime 
to the f lyash. 
6 .10 STRENGTH CHARACTERISTICS OF LIME 
F L Y A S H MIXTURES 
In order to check the compressive s t rength aspect of 
l ime f lyash mixtures, the lime was added to f lyash in 
d i f fe ren t propor t ions at constant poros i ty and the 
cubes of 15 cm size were made and tes ted for 
compress ive strength in the manner as already 
ment ioned in the Chapter IV 'Exper imen ta l Setup 
Mater ia l s and Procedure ' . The resul t s so obta ined 
have been reported in Table 5.9 and the var ia t ion of 
compress ive strength with percentage of lime has been 
shown in Fig. 5.11. It is clear f rom Fig. 5.11 that the 
compress ive strength increase l inear ly with the 
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increase of lime percentage up to 40%, fu r ther 
increase of lime percentage beyond 40% reduces the 
compress ive strength. 
A perusal of Fig. 5.11 and 5.9 revea l s that the 
compress ive strength of cubes of f lyash mixed with 
5% of cement is about double the s t rength of cubes of 
f lyash mixed with 40% lime. So it can be suggested 
that a mixture of 35% lime and 65% f lyash can only 
be used as a replacement of 15% cement and 85% 
f lyash in condi t ion when the lime f lyash mix ture is 
used as seepage resist ing barr ier under conf ined 
condi t ions and strength is not the cr i ter ia . This will be 
cheaper as compared to cement f lyash mix ture . 
6.11 E F F E C T OF FLYASH IN R E D U C I N G THE 
PERMEABILITY OF SAND BEDS. 
A perusal of Fig. 5.12 shows that the permeabi l i ty of 
f lyash fine sand mixtures decreases up to 80% of 
f lyash in the mixture i.e. it is minimum at 80% f lyash 
and 20% fine sand. Though the rate of reduc t ion in the 
value of ' K ' is more in 0-20% range i.e. 7.351 x 10"^ 
cm/s for each percent of f lyash, and thereaf te r it 
cont inuously decreases up to 80%). Beyond 80%) the 
value of ' K ' increases at a rate of 4.176x10"^ cm/s for 
each percent of f lyash. 
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Fig. 5.13 shows that the permeabi l i ty of f lyash coarse 
sand mixtures decreases up to 60% of f lyash i .e. it is 
min imum at 60% flyash and 40 % coarse sand. 
Though the rate of reduction in the value of K is more 
in 0 - 2 0 % range i.e. 4.97x10"'' cm/s for each percent 
of f lyash ,and thereaf ter it cont inuously dec reases up 
to 60% of f lyash at a lower rate. Beyond 60% the 
va lue of ' K ' again increases. 
A compress ion of Fig. 5.12 and 5.13 exhib i t s that the 
va lue of ' K ' in case of f lyash coarse sand mix tu res at 
60% f lyash and f lyash fine sand mixture at 80% f lyash 
are 3.66x10"^ cm/s and 4,64 x 10'^ cm/s r e spec t ive ly . 
This shows that f lyash is more e f fec t ive in r educ ing 
the permeabi l i ty in case of coarse sand as compared to 
f ine sand. 
Fig . 5.14 shows the variat ion of ' K ' with pe rcen tage 
of cement in case of mixture of 80%) f lyash 20% f ine 
sand and 60% flyash 40% coarse sand. A perusa l of 
Fig . 5.14 shows that in case of 60% f lyash 40%) coarse 
sand the value of permeabi l i ty at 10% cement 
becomes as low as in the initial range of clay (1 .15 x 
10'^ cm/s. However 15% cement is requi red in case of 
80%) f lyash 20% fine sand mixture to get p rac t ica l ly 
the same value of permeabil i ty . 
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Fig 5.15 shows the variation of compress ive s t rength 
with percentage of cement in case of 80% f lyash 20% 
f ine sand and 60% flyash 40% coarse sand mixtures . 
A study of Fig. 5.15 suggests that at 10% cement the 
compress ive strength of 60% flyash 40% coarse sand 
is 53.67 kg/cm^, which is about 73% more than the 
compress ive strength of 80% flyash 20% fine sand 
mixture at the same percentage of cement . 
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CHAPTER - VII 
CONCLUSIONS, APPLICATION IN 
CIVIL ENGINEERING AND 
SUGGESTIONS FOR FUTURE STUDY 
7.1 C O N C L U S I O N 
On the basis of cri t ical analysis of the var ious resul ts , 
as discussed in Chapter VI, the fo l lowing conc lus ions 
can be drawn regarding the various aspects of the 
problem of mass scale ut i l izat ion of f lyash s tudied 
under the present invest igat ion. 
7.1.1 Fig. 4.1, 4.2, and 4.3 shows the grada t ion curve for 
the f lyash from various sources under s tudy. The 
value of coef f ic ien t of uni formity ranges between 2.0 
to 2.45, where as the value of coef f ic ien t of curva ture 
ranges f rom 0.8 to 1.13. Infact , these values depend 
on the quali ty of coal used hence they will vary with 
the source of coal. 
7 .1.2 A plot (Fig. 5.1) relat ing average size to the 
permeabi l i ty in case of Dadri , Badarpur and 
Harduaganj f lyash is proposed, which shows a non-
linear var ia t ion. 
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7.1.3 A perusal of Fig. 5.1 reveals that the values of 
permeabi l i ty ' K ' in case of Dadri f lyash is lowest at 
all the average sizes fol lowed by Badarpur and 
Harduagan j . This may be due to shape effect i .e. the 
par t ic le shapes being d i f ferent in d i f fe ren t cases and 
needs fur ther invest igat ion. 
7.1.4 In case of Dadri f lyash, permeabi l i ty var ia t ion with 
the combinat ion of d i f ferent average sizes mixed in 
var ious propor t ions show that a combinat ion of 40% 
f lyash of 125 micron size and 60% f lyash of 45 
micron size gives the minimum permeabi l i ty . 
7 .1 .5 The above combinat ion mixed with 11 to 15% of 
ordinary Port land cement is found to have very low 
permeabi l i ty i.e. in the initial range of permeabi l i ty of 
clay. 
7 .1 .6 Fly ash collected from various sources, is mixed with 
varying percentage of cement and permeabi l i ty 
de termined at constant porosi ty i.e. 40%. It has been 
found that variat ion in all the three cases studied is 
l inear with a varying rate of reduct ion in the value of 
permeabi l i ty in each case. 
7 .1 .7 Var ia t ion of permeabi l i ty ' K ' with poros i ty (f) for the 
f lyash from various sources is s tudied. It has been 
observed that the variat ion is similar to that for other 
granular material . 
7 .1 .8 Fig. 5.5, 5.6 and 5.7 shows the var ia t ion of ' K ' with 
percentage of cement (0-15%) at 40% poros i ty in case 
of Dadri f lyash, f ine sand and coarse sand. A perusal 
of Fig. 5.6 and 5.7 shows that there is not much drop 
in ' K ' value af ter 5% cement content . At 5% cement 
the permeabi l i ty reduces by 89% in case of coarse 
sand and by 86% in case of f ine sand. Where as Fig. 
5.5, which is for Dadri f lyash, shows a l inear 
var ia t ion with cont inuous drop in pe rmeab i l i ty with 
percen tage of cement. 
7 .1 .9 Though there is sharp drop in the pe rmeab i l i t i e s of 
both the sands at 5% cement content , they are still 
h igher than that of the f lyash at the same cement 
content . At 5% cement the value of permeabi l i ty of 
f lyash is 8.87x10"^ cm/s. which is lowes t as compared 
to value of ' K ' for f ine sand (2.15x10"^ cm/s) and 
coarse sand (1.10x10'^ cm/s). 
7 .1 .10 Fig. 5.8 reveals that at 15% cement content in 
f lyash, the value of permeabi l i ty in all the three cases 
of f lyash studied becomes pract ica l ly the same. So it 
can be concluded that f lyash from any of the three 
sources with 15% cement can be u t i l ized as a low '' 
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permeable mass, such as in the cons t ruc t ion of low 
height dams as core as well as shell ma te r ia l s 
depending upon the type of construct ion. 
7 .1 .11 A study of compressive strength of f lyash f rom 
var ious sources mixed with varying pe rcen tage of 
cement reveal that the f lyash mixed with 7 .5 -10% of 
cement gives a strength which is qui te sa fe for its use 
in the construct ion of non rigid dams/ hydrau l ic 
s t ructures , low height embankments , canal l in ing and 
sub-base of roads and embankment etc. 
7 .1 .12 Variat ions of ' K ' for f lyash sand mix tu res in 
d i f f e ren t proport ions are proposed (Figs. 5.12, 5 .13) 
both in case of f ine sand and coarse sand. 
7 .1 .13 The study on f lyash sand mixture revea l s that in 
case of f ine sand 80% flyash can rep lace 2 0 % of 
cement where as in case of coarse sand 60% f lyash 
can replace 15% of cement for cont ro l l ing seepage in 
s i tuat ion where conf inement of boundar ies exis t i.e. 
the f loor of hydraulic structures. 
7 .1 .14 The plot showing the variat ion of compress ive 
s trength of cubes of 80% flyash 20% f ine sand and 
60% flyash 40% coarse sand mixed with cement at 
var ious percentages are proposed (Fig. 5 .15) . A 
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perusal of Fig. 5.15 reveals that the compress ive 
s trength of f lyash sand mixtures mixed with cement in 
var ious propor t ions varies l inearly. 
7 .1 .15 At 10% cement the mixture of 60% flyash 40% 
coarse sand gives the value of permeabi l i ty as low as 
1.15x10"^ cm/s i.e. the permeabi l i ty in the initial 
range of clay and a compressive s t rength of 53.67 
kg/cm^. The above mixture can there fore be used as 
shell as well as core material in the cons t ruc t ion of 
f lex ib le dams. 
7 .1 .16 A graph (Fig. 5.10) re la t ing the percen tage of 
lime with permeabi l i ty ' K ' of lime f lyash mixtures is 
p roposed which shows that the permeabi l i ty of l ime 
f lyash mixture is minimum at 40% lime content . 
7 .1 .17 The value of permeabi l i ty of f lyash at 15% 
cement becomes as low as 1.29x10'^ cm/s i.e. in the 
ini t ial range of clay, and the same permeabi l i ty can be 
obta ined by mixing 35% lime instead of 15% cement . 
7 .1 .18 Fig. 5.9 & 5.11 showing the var ia t ion of 
compress ive s trength of cubes of Dadri f lyash mixed 
with lime and cement at various percentages are 
proposed. A perusal of Fig. 5.9 & 5.11 reveals that the 
compress ive s trength of f lyash cubes mixed with lime 
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is qui te low as compared to cubes of f lyash mixed 
with cement. 
7 .1 .19 When lime percentage in f lyash lime mix ture 
increases beyond 40%, micro cracking in l ime 
increases its permeabi l i ty and decreases its 
compress ive s trength. 
7.2 A P P L I C A T I O N IN CIVIL ENGINEERING 
The conclus ions derived from the present study have 
var ious appl ica t ion in Civil Engineer ing s t ructures . 
Til l date the f lyash was mainly used in the bui ld ing 
indust ry in the form of f lyash bricks, mixed in 
cement , and b lended f lyash cements and concrete . The 
out come of the present study has shown a new 
di rec t ion in the form of ut i l izat ion of this , o therwise a 
problemat ic mater ial , in the construct ion of seepage 
res is t ing barr iers of hydraul ic s t ructures . The low 
permeable mass studied in the present inves t iga t ions 
can f ind its appl icat ion in various forms like canal 
l ining, below the f loor of hydraul ic s t ructures , as core 
and cut off as well as shell mater ial in the 
cons t ruc t ion of f lexible dams, in the const ruct ion of 
low height embankments etc. 
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7.3 S U G G E S T I O N S F O R F U T U R E STUDY. 
The fo l lowing suggest ions are made for fur ther work 
on the problem of seepage control by us ing the f lyash 
mixed with certain admixtures . 
7 .3.1 In the present study only compress ive s t rength cri teria 
has been studied as a measure of s t rength . The other 
proper t ies like its C.B.R. values, tens i le s trength 
character is t ics , and c-(j) re la t ionship can also be 
s tudied depending upon its use in the bui ld ing 
industry to fur ther s t rengthen the motto of its 
u t i l iza t ion in var ious . Civil Engineer ing works on a 
mass scale, 
7 .3 .2 In the present invest igat ion f lyash has f rom only three 
sources has been col lected and studied namely Dadri 
thermal power station, U.P., Badarpur Thermal Power 
Stat ion, New Delhi and Harduagan j Thermal Power 
Stat ion, U.P. For making more re f ined and def in i te 
recommendat ions of general appl ica t ion for its 
u t i l izat ion, it is suggested that f lyash from other 
sources can be collected and studied. 
7.3.3 Fur ther it is suggested that durabi l i ty character is t ics 
of various combinat ions of f lyash with cement and 
lime as reported in this work be s tudied under 
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condi t ions where use of f lyash on mass scale is 
suggested in the present study. 
7.3.4 A study of f lyash mixed with concre te used for the 
const ruct ion of core or cu tof f of earth dams can be 
taken-up. Invest igat ions related to the rep lacement of 
f lyash for cement in such s t ructures may be the main 
aim of such studies. 
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